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PRESSURE SUPPORT VENTILATION OF 
PATIENTS 

[0001] This application claims the priority ?ling date of 
US. provisional patent application Ser. No. 60/306,972 ?led 
on Jul. 19, 2001. 

FIELD OF THE INVENTION 

[0002] This invention relates to methods and devices for 
providing ventilatory assistance to a patient. More speci? 
cally, the invention involves an improved method and device 
for adjusting the device settings to provide ventilation to 
satisfy a patient’s respiratory needs. 

BACKGROUND OF THE INVENTION 

[0003] In untreated patients With lung, chest Wall, or con 
trol abnormalities, blood gases typically deteriorate some 
What in NREM sleep, and then deteriorate much further in 
REM sleep. This deterioration is likely due to multiple 
causes, including: 

[0004] 1. Increased upper airWay resistance due to pha 
ryngeal collapse. 

[0005] 2. Loss of cough and sigh, leading to sputum 
retention and atelectasis. 

[0006] 3. Postural effects on V/Q. 
[0007] 4. Reduced tonic or chemore?ex drive to the dia 
phragm, particularly in REM. 

[0008] 5. Reduced tonic or chemore?ex drive to inter 
costals, abdominal expiratory muscles, and other acces 
sory muscles. 

[0009] 6. Possible REM-speci?c changes in pulmonary 
blood ?oW distribution. 

Pharyngeal collapse is most profound in REM sleep. There is 
evidence that the reduction in ventilation in NREM sleep is 
entirely due to pharyngeal collapse, and not to a reduction in 
chemore?ex drive to the diaphragm. Increased pharyngeal 
resistance is treated With CPAP, or more generally With posi 
tive pressure su?icient to splint the airWay at Zero ?oW, plus 
additional inspiratory pressure su?icient to compensate for 
resistive and Bernoulli pressure drop. 
[0010] Reducing the Work of breathing and resting the res 
piratory muscles by providing ventilatory support, particu 
larly if delivered during sleep, can have a number of direct and 
indirect potential bene?ts. These bene?ts include: 

[0011] Prevention of muscle fatigue With ine?icient con 
traction. 

[0012] Reduced oxygen cost of breathing. 
[0013] Reduction of dyspnea. 
[0014] Improved sleep, With feWer respiratory arousals. 

Improved sleep should in turn reduce metabolic rate, CO2 
production and oxygen consumption, directly and indirectly 
by reduced rolling around, ?dgeting, etc., leading to either 
better blood gases or reduced need for ventilatory support. It 
is also Worthwhile in its oWn right because of improved qual 
ity of life. 
[0015] HoWever, there are some untoWard effects of venti 
latory support on the patient as folloWs: 
[0016] 1. Barotrauma 
[0017] For ventilators delivering less than 35 cmH2O peak 
pressure, barotrauma is largely con?ned to patients With adult 
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respiratory distress syndrome (due to high shear stresses) and 
to patients With a history ofpneumothorax or emphysematous 
bullae. 
[0018] 2. Reduced Cardiac Output 
[0019] Even in normal subjects, 10 cmH2O nasal CPAP can 
produce a 10% reduction in cardiac output, and high levels of 
positive pressure, particularly in patients Who are ?uid 
depleted, can produce a profound reduction in cardiac output. 
Conversely, in patients With cardiac failure and ?uid overload 
(pulmonary capillary Wedge pressure in excess of 15 
cmHZO), nasal CPAP actually increases cardiac output, prob 
ably by reducing transmural pressure. 
[0020] 3. Mouth Leak 
[0021] Mouth leak is present to some extent in most 
patients being treated With ventilatory support. A mouth leak 
of 0.4 L/ sec causes severe sleep disruption, loss of ventilatory 
support, loss of supplemental oxygen, and loss of end expi 
ratory splinting pressure. Such a leak is present in perhaps 
50% of subjects. Mouth leak also causes increased nasal 
resistance. This is a re?ex response to drying and cooling of 
the nasal mucosa by a unidirectional ?oW of air in the nose 
and out the mouth. 
[0022] A chin strap is only very partially effective in con 
trolling mouth leak. Heated humidi?cation can partially treat 
the, drying of the nasal mucosa but not the other aspects of the 
problem. Where tolerated, a full face mask is the preferred 
treatment. 

[0023] 4. Glonic Closure 
[0024] Rodenstein and colleagues have shoWn that over 
ventilation leads to a progressively tight closure of the vocal 
cords, both aWake and asleep, and that this fact must be taken 
into account When providing noninvasive ventilation. 
[0025] The details are not Well understood; it is not knoWn 
Whether the glottic closure is purely passive or involves active 
adduction, Whether it is abolished by anaesthesia, Whether it 
is present in REM, Whether it is due to airWay or arterial 
hypocapnia, or Whether it is produced by sleepstate speci?c 
changes in set-point. Unlike passive pharyngeal collapse, it is 
not knoWn Whether vocal cord closure responds to CPAP, but 
if it is an active closure it Would be expected to be extremely 
refractory to CPAP. 
[0026] 5. Increased Deadspace 
[0027] Positive pressure Will alter the distribution of pul 
monary blood ?oW, tending to reduce blood ?oW to poorly 
ventilated units (bene?cial reduction in physiological shunt) 
and also to Well-ventilated units (pathological increase in 
deadspace). In patients in Whom there is much blood ?oW to 
poorly perfused lung units, for example patients With obesity 
hypoventilation syndrome, this reduction in physiological 
shunt but increase in deadspace can be of net bene?t, Whereas 
in patients With much ventilation to poorly perfused regions, 
such as “pink puffers”, the net effect can be detrimental. 
[0028] 6. Discomfort 
[0029] A goal of a ventilator is to relieve dyspnea. HoW 
ever, it can cause considerable discomfort, by various mecha 
nisms: 

[0030] Distension of upper airWay structures. 
[0031] SWalloWing of air (particularly once pressures 

exceed 20 cmH2O) 
[0032] Mask discomfort. 
[0033] Leak, particularly mouth leak. 
[0034] Patient-machine asynchrony. 

[0035] We might expect that as the degree of support is 
increased from Zero toWards that Which Will perform 100% of 
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eupneic respiratory Work, the sense of dyspnea due to having 
to do an abnormally high amount of respiratory Work, and the 
sense of distress due to excess chemore?ex stimulation 
should both decrease toWards Zero. However, discomfort 
from all the causes bulleted above Will increase. There is no 
literature on the rate of trade-off betWeen the tWo sources of 
distress, but it is apparent that the patient should feel most 
comfortable at a degree of support Which is less than 100% 
support. Very preliminary unpublished Work by the current 
author, in Which normal subjects breathe through a high exter 
nal resistance (8 cmHzO/L/sec) With 200 ml added dead 
space, and are then treated With bilevel support, the patient 
feels most comfortable at about 50% support. The optimum 
point may of course be quite different in a patient With actual 
lung or chest Wall disease, or With forms of support other than 
bilevel. 

[0036] 7. Patient-Machine Asynchrony 
[0037] Patient-machine asynchrony can be due to a number 
of factors, including: 

[0038] Leaks. 
[0039] Long respiratory time constant (eg in patients 
With severe chronic air?oW limitation (“CAL”). 

[0040] Intrinsic PEEP. 
[0041] Leaks, and particularly variable leaks, cause asyn 
chrony because the air?oW measured by the device does not 
equal the patient respiratory air?oW. With a device of the 
invention, leaks start to become a problem at about 0.2 L/ sec, 
and are a severe problem by 0.4 L/ sec. At 0.6 L/ sec, the device 
Will probably not really be bene?ting the patient. Keeping the 
leak much beloW 0.2 L/ sec is technically very demanding and 
not generally practicable. Therefore, While one Wants to keep 
the leak as loW as possible With reasonable investment of 
effort, 0.2 L/sec is a reasonable balance betWeen effort and 
results. 

[0042] Patient-machine asynchrony is particularly a prob 
lem in patients With long respiratory time constants being 
treated With high degrees of support. This is because even true 
respiratory air?oW no longer equals patient effort. For 
example, at the end of the patient’s inspiratory effort, the 
lungs have not yet equilibrated to the high inspiratory pres 
sure and continue to ?ll. This prevents correct triggering into 
expiration. The patient must actively expire in order to termi 
nate the inspiration. The higher the degree of support results 
in greater dif?culty With the phenomenon. Therefore, one 
Wants to avoid excessive support. 

[0043] Intrinsic PEEP causes a kind of asynchrony because 
the patient must generate a considerable inspiratory effort 
before any How is generated. Intrinsic PEEP due to dynamic 
airWay compression may be evident from an expiratory ?oW 
time curve, in Which there is a brief period of very high 
expiratory ?oW, folloWed by a very prolonged expiratory ?oW 
plateau at a much loWer ?oW. Treatment is to increase expi 
ratory pressure (particularly late expiratory pres sure) until the 
curve shape normalizes. 

[0044] Thus, With these seven effects in mind, the goals of 
automatic ventilatory positive airWay pressure may generally 
be summarized to include the folloWing: 

[0045] 1. To guarantee an adequate alveolar ventilation 
during sleep. 

[0046] 2. To maximiZe Wake comfort. 

[0047] 3. To maximiZe depth of sleep. 
[0048] 4. To minimiZe cost of initiation of therapy. 
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Directed toWards the above goals, a ventilator device in accor 
dance With the invention may provide: 

[0049] 1. Servo-control of minute ventilation to equal or 
exceed a chosen target. 

[0050] 2. Unloading of much of the spontaneous resis 
tive Work if the subject exceeds the chosen target. 

[0051] 3. A smooth and physiological pressure Wave 
form Whose minimum amplitude Will unload much but 
not all of spontaneous elastic Work if the subject just 
exceeds the chosen target. 

[0052] 4. A mechanism for automatically establishing 
the target during an aWake learning session in subjects 
Who have adequate PCO2 in the daytime and Who dete 
riorate only during sleep. 

[0053] HoWever, even sophisticated ventilatory devices 
With a high degree of automatic processing developed to meet 
one or more of these goals such as the devices disclosed in 
International Publication No. W0 98/ 1 2965 and International 
Publication No. WO 99/61088 still often require the setting of 
controls to accommodate a particular patient’s needs before 
beginning use. Absent a uniform methodology for adjusting 
the settings of such a device, the delivery of the appropriate 
degree of pressure support to the patient may not be optimal. 

BRIEF DESCRIPTION OF THE INVENTION 

[0054] Accordingly, keeping With the above goals and/or 
other goals that Will be apparent to those skilled in the art, the 
invention is a novel methodology for adjusting the settings of 
a ventilator. In one form of the invention, a pres sure setting to 
maintain a positive end expiratory pressure is determined 
using assigned adjustment pressure values representing gen 
eraliZed patient ventilation characteristics such as obesity, 
sleepiness, chronic air?oW limitation, etc. As a result of 
responses to inquiries, the assigned adjustment pressures are 
added to a starting or default pressure setting. The starting 
pressure setting is preferably about 4 cmH2O and the adjust 
ment pressures preferably range from about 1-2 cmH2O. The 
resulting range is about 4-10 cmH2O. Support pressure may 
then preferably be delivered in accordance With a pressure 
formula that accounts for resistive unloading and a deter 
mined respiratory phase as a continuous phase variable. The 
methodology may be implemented by an apparatus pro 
grammed to execute the methodology interactively by 
prompting a user/physician to respond to the predetermined 
inquiries and then calculate the adjustment based upon the 
input responses. 
[0055] Therefore, the invention includes a method or appa 
ratus for determining a setting for a ventilator to deliver 
support to a patient to maintain a positive end expiratory 
pressure comprising the steps of selecting an initial pressure 
value; prompting for responses to queries about a patient 
concerning generaliZed ventilation characteristics; and calcu 
lating a positive end expiratory pressure from said initial 
pressure value and a set of adjustment pressure values based 
upon said responses to said queries, said adjustment pressure 
values representing general ventilation characteristics. 
[0056] A further embodiment of the invention involves 
determining a setting for a ventilator to deliver support to 
maintain a pressure sWing in a speci?ed range. The sWing is 
preferably chosen to do about 50% of a patient’s elastic Work. 
In the method an initial pressure value is selected and based 
upon responses prompted to determine degrees of severity, 
for example, mild, moderate and severe, of restrictive 
mechanical abnormality of the lung or chest Wall of a patient, 
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a pressure swing setting is calculated With the initial pressure 
and pressure values assigned to the different degrees of sever 
ity. The preferred assigned values in a range of about 2-6 
cmH2O lead to a sWing of about 5-9 cmH2O. As With the other 
embodiments of the invention, the methodology may be 
manual or implemented via interactive responses to prompts 
issued from an automated apparatus. 

[0057] Therefore, the invention includes a method or appa 
ratus for determining a setting for a ventilator to deliver 
support to maintain a pressure sWing in a speci?ed range 
chosen to do about half of a patient’s elastic Work comprising 
the steps of selecting an initial pressure value; prompting for 
a response to a query about a patient concerning degrees of 
severity of a restrictive mechanical abnormality of lung or 
chest Wall; and calculating a pressure sWing from said initial 
pressure value and a set of adjustment pressure values based 
upon said response to said query, Wherein said set of adjust 
ment pres sure values represent degrees of severity of a restric 
tive mechanical abnormality of lung or chest Wall. 

[0058] Another embodiment of the invention involves a 
methodology for determining resistive unloading for a venti 
lator setting to deliver support. The setting is preferably cho 
sen to unload about 50% to 80% of a subject’s resistive Work. 
The method involves the use of assigned resistive unloading 
pressure values representing degrees of severity of one or 
more diseases, for example, restrictive disease and/or 
obstructive disease. By prompting for a response to determine 
Whether the patient suffers from a particular degree of sever 
ity, for example, mild, moderate or severe, the setting can be 
determined from the response by using the assigned pressure 
value. In the preferred embodiment, the pressure values for 
mild, moderate and severe obstructive disease are in a range 

of about 4-8 cmHZO/L/sec. and preferably 4, 6 or 8 cmH2O 
respectively. The pressure values for mild, moderate and 
severe restrictive disease are in a range of about 3-8 cm 

HZO/L/ sec. and preferably 3, 6 or 8 cmH2O respectively. The 
method may be performed manually. Alternatively, a ventila 
tor device is programmed With the instructions to accomplish 
the method interactively. 
[0059] Therefore, the invention includes a method or appa 
ratus for determining a resistive unloading setting for a ven 
tilator to deliver support to unload about 50% to 80% of a 
subject’s resistive Work comprising the steps of prompting for 
a response to at least one query to determine the subject’s 
degree of severity of restrictive disease and obstructive dis 
ease; and setting a resistive unloading value to one of a set of 
assigned pressure values based upon said response to said at 
least one query, Wherein said set of assigned pressure values 
represents degrees of severity of restrictive disease and 
obstructive disease. 

[0060] In one form of the invention, a target ventilation 
setting is determined as a function of measured PCO2. In the 
invention, a patient’s ventilation is measured over time during 
a learning period in Which ventilatory support is provided and 
a target ventilation is derived as a function of the measured 
ventilation. The patient’s arterial partial pressure of CO2 is 
also measured. The target ventilation is then adjusted as a 
result of the measured arterial partial pressure. Preferably, the 
measure is compared to a threshold PCO2 and the target 
ventilation may be increased or decreased based upon the 
comparison. The target ventilation may then be increased or 
decreased based upon a ?xed percentage of the ab solute value 
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of the difference betWeen the measured PCO2 and the thresh 
old PCO2. In the preferred calculation, the threshold is about 
50 mmHg. 
[0061] Therefore, the invention includes a method or appa 
ratus for determining a target ventilation setting of a ventila 
tor comprising the steps of delivering ventilatory support 
during an aWake leaming period to a patient; measuring the 
patient’s ventilation over time during a learning period; mea 
suring the patient’s partial pressure of CO2; calculating a 
target ventilation as a function of a measure of ventilation; 
and adjusting said target ventilation as a function of a measure 
of partial pressure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0062] FIG. 1 depicts a ventilator apparatus operable for 
performing the methodology of the invention; 
[0063] FIG. 2 depicts a typical example of a pressure com 
ponent of the delivery pressure equation n accordance With 
the invention; 
[0064] FIG. 3 illustrates a Waveform template in accor 
dance With the invention; 
[0065] FIG. 4 shoWs an actual pressure Waveform of the 
delivered pressure from an apparatus of the invention; 
[0066] FIG. 5 is a How chart illustrating steps in a method 
for determining an end expiration pressure setting for a ven 
tilator of the invention; 
[0067] FIG. 6 is a How chart illustrating steps in a method 
for determining a resistive unloading pressure setting for a 
ventilator of the invention; 
[0068] FIG. 7 is a How chart illustrating steps in a method 
for determining a resistance sWing pressure setting for a ven 
tilator of the invention; 
[0069] FIG. 8 is a How chart illustrating steps in a method 
for determining a target ventilation setting for a ventilator of 
the invention; 

DETAILED DESCRIPTION OF THE INVENTION 

[0070] A servo-controlled ventilator useful for accomplish 
ing the invention is shoWn in FIG. 1. A bloWer 10 supplies air 
under pressure via delivery tube 12 to a mask 11 or via another 
such device for providing How to a patient’s respiratory sys 
tem. Exhaust gas is vented via exhaust 13. Mask How is 
preferably measured using pneumotacho graph 14 and differ 
ential pressure transducer 15 to derive ?oW signal f(t). Mask 
pressure is measured at pressure tap 17 using pressure trans 
ducer 18. FloW and pressure signals are sent to a controller or 
microprocessor 16 including a memory Which implements 
the processing described herein to derive a pressure request 
signal P(t). Programmed instructions accessible to the micro 
processor are coded on integrated chips in the memory of the 
device or may be loaded as softWare and stored by some other 
data storage medium of conventional design (not shoWn). The 
actual measured pressure and pressure request signal P(t) are 
fed to motor servo 19 Which controls bloWer motor 20 to 
produce the desired instantaneous mask pressure. Optionally, 
an automated PCO2 measurement device 21 or other non 
invasive blood gas monitor/ device for measuring PCO2 may 
be linked to provide an input data signal to the microprocessor 
16, for example, a device as taught in US. Pat. No. 5,630,413, 
the disclosure of Which is incorporated by reference. Optional 
input and/or output devices 22 may be included to display 
output signals and enter input signals for the microprocessor 
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16. Various appropriate input and output devices such as 
keypads and display screens and other alternatives are known 
in the art. 
[0071] An example of this type of servo-controlled venti 
lator is the subject of lntemational Publication No. W0 
98/ 12965, Which is also disclosed in related US. application 
Ser. No. 08/935,785. An additional example is disclosed in 
International Publication No. WO 99/61088, Which is also 
contained in related US. application Ser. No. 09/316,432. 
The foregoing U.S. applications are hereby incorporated by 
reference. 

A. Principles of Operation 

[0072] The goals of automatic ventilatory positive airWay 
pressure device of the invention (“AutoVPAP”) are: 

[0073] 1. To guarantee an adequate alveolar ventilation 
during sleep. 

[0074] 2. To maximize Wake comfort. 
[0075] 3. To maximize depth of sleep. 
[0076] 4. To minimize cost of initiation of therapy 

and that, directed toWards the above goals, a device in accor 
dance With the invention provides: 

[0077] l. Servo-control of minute ventilation to equal or 
exceed a chosen target. 

[0078] 2. Unloading of much of the spontaneous resis 
tive Work if the subject exceeds the chosen target. 

[0079] 3. A smooth and physiological pressure Wave 
form Whose minimum amplitude Will unload much but 
not all of spontaneous elastic Work if the subject just 
exceeds the chosen target. 

[0080] 4. A mechanism for automatically establishing 
the target during an aWake learning session in subjects 
Who have adequate PCO2 in the daytime and Who dete 
riorate only during sleep. 

1. Servo-Ventilation: Choosing a Target 

[0081] A servo-ventilator can guarantee a minimum venti 
lation, and thereby prevent the component of REM hypoxia 
due to hypoventilation. The methodology for choosing the 
target ventilation may depend upon the patient’s condition. 
[0082] l. Acutely Decompensated Subjects 
[0083] In subjects Who are acutely decompensated, or in 
Whom the daytime PCO2 is unacceptable, it is necessary for 
the clinician to empirically determine a target ventilation, for 
example, by starting at 70 ml/Kg/min, and adjusting accord 
ing to blood gases. 
[0084] 2. Chronically Stable Subjects 
[0085] In subjects in Whom the daytime aWake PCO2 is 
perhaps not perfect but at least adequate, the device provides 
a simple facility for automatically determining a target ven 
tilation. Brie?y, the device measures the subject’s spontane 
ous ventilation during a partially assisted aWake acclimatiza 
tion session, and sets the target ventilation to equal 90% of the 
median ventilation during the ?nal 40 minutes of the session. 
The backup respiratory rate (to be used only if the subject fails 
to be adequately ventilated) is set to the median respiratory 
rate during the acclimatization session. 
[0086] The rationale for setting the target ventilation to 
90% rather than 100% of the median aWake ventilation is that 
there Will be a 10-1 5% reduction in metabolic activity during 
sleep. If the ventilation is set to 90% of the daytime aWake 
ventilation, then to a ?rst approximation, the overnight PCO2 
Will be held at close to the daytime aWake PCO2 during the 
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acclimatization session. Conversely, if the target Were set to 
100% of the spontaneous aWake ventilation, then the patient 
Would be driven to central apnea in NREM sleep. This Would 
produce active vocal cord adduction, resulting in unnecessary 
delivery of maximum pressure. 

2. Equation for Mask Pressure 

[0087] The instantaneous mask pressure is set according to 
the folloWing equation: 

22p 

Where: 
[0088] Peep is the pressure at end expiration, used to 

splint the upper airWay, unload intrinsic PEEP, and 
reduce atelectasis. (It corresponds very loosely With 
EPAP on a bilevel ventilator.) 

[0089] f is the respiratory air?oW. 
[0090] q) is the instantaneous phase in the respiratory 

cycle. 
[0091] R is a resistance equal to about 50-80% of the 

patient’s actual airWay resistance, and Will generally be 
in the range 2 to 8 cmHZO/L/ sec. The R-f term is inde 
pendent of any estimation of phase, and helps to provide 
good patient-machine synchronization at the critical 
moments of start of inspiration and start of expiration. A 
typical example of the pressure component due to this 
term for R:6 cmH2O/L/ sec is shoWn in FIG. 2. 

[0092] A is the difference betWeen pressure at end inspi 
ration and pressure at end expiration. (It corresponds 
loosely to the difference betWeen lPAP and EPAP on a 
bilevel ventilator.) 

[0093] rc(([)) is a pressure Waveform template Which, pro 
viding the patient is being ventilated at or above the 
target ventilation, is shoWn in FIG. 3. It should be noted 
that the pressure Waveform template is ?at (no change 
With time) at three places: at the start of inspiration 
(q):0), just before end inspiration (q>:0.5), and at end 
expiration (q>:1.0). The effect is to make the estimated 
phase have very little effect on patient-machine synchro 
nization at these critical points. 

[0094] The pressure modulation amplitude, or sWing, A, is 
automatically adjusted betWeen a physician-selectable maxi 
mum and minimum suing, Amax andA respectively, using 
the folloWing equation: 

min’ 

Where VTGT is the chosen target ventilation, and G is the 
servo-controller gain, Which is set to 0.3 cmH2O increase in 
support per second for every L/min error in ventilation. If the 
patient is breathing at above the chosen target ventilation, 
then the degree of support Will fall to the physician-selected 
minimum sWing Ami”. Conversely, if the subject is breathing 
at less than the target ventilation, the degree of support Will 
increase quite rapidly until either the target ventilation is 
reached, or until the degree of support reaches Amax. 
[0095] Once the degree of support reaches AMAX, the shape 
of the pressure Waveform template becomes progressively 
more square, and therefore more e?icient at generating ?oW, 
until either the target ventilation is reached or the Waveform is 
maximally square. Thus, AutoVPAP Will try initially to treat 
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the patient With a smooth and comfortable Waveform, but if 
this does not Work, it uses a progressively more aggressive 
Waveform, until it succeeds. 
[0096] The combination of all the terms produces a Wave 
form typically like that shoWn in FIG. 4. 

3. Phase 

[0097] AutoVPAP uses a l4-rule fuZZy logic algorithm to 
determine the instantaneous phase 4) in the machine respira 
tory cycle. Firstly, there are a series of rules Which infer the 
machine phase from the patient’s respiratory air?ow, attempt 
ing to synchronize directly With the patient. These rules are 
mo st strongly active if the patient is breathing at or above the 
physician-prescribed target ventilation, and the leak is small 
and steady, but the rules are only Weakly active if there is 
hypopnea or a large or changing leak. 
[0098] Another rule says that the rate of change of phase 
equals the patient’s recent observed respiratory rate (Which is 
different for inspiration and expiration, to alloW for differing 
times for inspiration and expiration (TI and TE). This rule 
alloWs AutoVPAP to learn the patient’s typical respiratory 
rate and duty cycle. It is also most active if the patient is 
breathing at or above target, and Weak if there is hypopnea or 
leak. 
[0099] Finally, there is a rule Which says that the phase is 
increasing at the physician-set backup respiratory rate. This 
rule is normally almost inactive, but if the ventilation starts to 
fall beloW the target, or if there is a long expiratory pause, the 
rule becomes rapidly more active, hastening the next machine 
breath. 
[0100] The net effect of all the rules is that most of the time, 
When the patient is making reasonable efforts of his oWn, 
ampli?ed and augmented by the machine efforts, so that the 
minute ventilation is at or above target, the machine Will 
synchroniZe very accurately With the patient. 
[0101] Conversely, if the patient is making only feeble 
efforts (roughly speaking, the patient’s transdiaphragmatic 
pressure sWing is less than about 25% of the machine’s pres 
sure sWing) the device Will no longer be able to alWays syn 
chroniZe With the patient. 
[0102] Even if the patient is centrally apneic, the backup 
rate Will not necessarily be used. The machine may ventilate 
the patient either faster or sloWer than the backup rate, 
depending on lung and chest Wall mechanics. There is a 
tendency for AutoVPAP to use very sloW, deep breaths in the 
face of a high airWay resistance, Which may be advantageous 
if it reduces resistive Work and avoids air trapping and intrin 
sic PEEP. 
[0103] The backup rate Will only be used if the patient’s 
ventilation is beloW the target ventilation, and the machine 
cannot give any more support by either further increases in 
sWing or by squaring up the Waveform template. Since it is a 
goal of therapy that the patient’s ventilation is never beloW the 
target, it folloWs that the backup rate is rarely used. HoWever, 
if there is an obstructive apnea, or if there is closure of the 
vocal cords, then the backup rate Will be used. This reluctance 
to use the backup rate makes AutoVPAP very tolerant of 
errors in setting the backup rate. 
4. Comparison With PAV 
[0104] In operation, the apparatus provides superior results 
compared to proportional assist ventilation devices. Recall 
that the equation for mask pressure With AutoVPAP is: 

eep 
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Whereas the equation for mask pressure for PAV is: 

eep 

The term R-f provides resistive unloading in a manner similar 
to proportional assist ventilation. HoWever, the remainder of 
the equation is quite different. The most important conse 
quence is that if the patient is centrally apneic, PAV provides 
no support, Whereas AutoVPAP provides increasing support 
until the target ventilation is achieved. This could potentially 
be very important for patients With abnormal control of 
breathing, Who couldmake feeble or no efforts in phasic REM 
sleep. 

B. AutoVPAP Setup Procedure 

[0105] The steps for setup of the device for an aWake leam 
ing period to precede regular treatment sessions With the 
device may be outlined as follows: 

1. SWitching On 

[0106] Turn on the bloWer and computer, connect the tWo 
together, and run the control softWare, as folloWs. The order is 
not critical. 

[0107] Connect the bloWer to the PC using the serial 
cable provided. (The cable may be extended using a 
commercial 9 pin male to female serial cable With all 9 
conductors Wired straight through.). 

[0108] SWitch on the bloWer, making sure that the patient 
is not breathing on the mask, not touching or rattling the 
hose, and the mask is open to the air (e.g. not blocked by 
bedclothes etc) or the bloWer may fail its self test. Wait 
for the green “READY” light to come on. 

[0109] Start the computer and run the softWare. 
A feW seconds after all steps are completed, How and pressure 
data Will appear on the long thin graph across the middle of 
the screen. The time scale is 0-60 seconds. The respiratory 
air?oW graph scale is +—l L/ sec (inspiration upWards), and 
the mask pressure graph scale is 0-25 cmH2O. 

2. Selecting Initial Settings 

[0110] Settings for the machine can be adjusted using a 
bank of three double-sliders labeled EEP, SWING, and 
PEAK respectively. While these sliders are virtual controls 
that are graphically displayed by the control softWare, option 
ally, hardWare controls can be included to specify the control 
settings. The adjustments (1) to (4) beloW are most easily 
done in the order shoWn, because the ranges of some settings 
are logically determined by others. For example, the sum of 
the EEP and the sWing cannot exceed the maximum peak 
pressure. 
(1) Mode. If the device has multiple modes, the device should 
be placed in an appropriate mode. The “AutoVPAP” mode 
can be selected by clicking on an AutoVPAP mode icon that 
is displayed on a display screen. 

(2) Peak and trough pressure. Preferably, the PEAK setting 
sliders remain at the default values of 22 and 3 cmH20 respec 
tively 
(3) End expiratory pressure. The EEP setting, (i.e., the PEEP 
variable in the pressure delivery formula previously 
described) may be adjusted according to responses to a series 
of questions of Which the goal is to choose an EEP to mini 
miZe upper airWay obstruction and unload intrinsic PEEP. 
The methodology also detailed in the generaliZed ?oW chart 
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of FIG. 5 includes a selecting step 50, a prompting step 52 and 
a calculating step 54. In the selecting step 50, an appropriate 
starting pressure value is de?ned. Based upon general venti 
lation-related characteristics that have assigned adjustment 
pressure values, for example, 2 cmH2O may be assigned to 
obesity, queries are formed in a prompting step 52. The ?nal 
setting is calculated in a calculating step 54, the setting is 
determined as a function of the initial pressure value and one 

or more of the assigned adjustment pressure values from a set 
of assigned adjustment pressure values representing the gen 
eraliZed ventilation related characteristics. Preferably, the 
assigned values are added to the starting pressure value based 
upon the input responses in the prompting step 52. In this ?nal 
step, minimum setting limits may be enforced as a result of a 
particular classi?cation of a patient’s condition. The preferred 
embodiment of the methodology is as folloWs: 

[0111] Start at about 4 cmH2O. 
[0112] If the subject is sleepy (i.e., a state ofa lack of 
Wakefulness of the patient), add about 1-2 cmH2O. 

[0113] Ifthe subject is obese, add about 1-2 cmH2O. 
[0114] If the subject has a narroW upper airWay, add about 
1-2 cmH2O. 

[0115] If the subject has mild, moderate, or severe CAL, 
the ?nal pressure must be at least in a range of about 5-7 

cmH2O or about 5, 6, or 7 cmH2O respectively. 
The resultant EEP is in a preferred range of about 4-10 

cmHZO. 
[0116] While this adjustment can be made manually, the 
device is optionally automated to accomplish the above meth 
odology. To this end, the device is programmed to accomplish 
the methodology by presenting a series of questions on an 
output display to the subj ect/physician and prompt for input 
on an input device controlled by the microprocessor 16. 
Based upon the input responses the EEP may be adjusted 
automatically by calculating and setting the appropriate EEP. 
(4) Pressure Support (sWing). Although the preferred device 
can be set to have a minimum and maximum sWing, it is 
preferred during the learning period to set the maximum and 
minimum SWING sliders to the same value (i.e., no servo 
adjust as yet), chosen to do about half of the patient’s aWake 
elastic Work. As With the setting determination for the EEP, 
the methodology for setting the SWING may be performed 
manually or automated by the ventilator. To this end, the 
device may be programmed to accomplish the methodology 
by presenting questions on an output display to the subject/ 
physician and prompt for input on an input device controlled 
by the microprocessor 16. Based upon the input response the 
SWING may be adjusted automatically by calculating and 
setting the appropriate SWING. 
[0117] FIG. 6 outlines the general steps in the methodol 
ogy. In a selecting step 60, an initial or default sWing pressure 
value is chosen. In a prompting step 62 responses to queries 
concerning degrees of severity of restrictive mechanical 
abnormality of lung or chest Wall are given. In a calculating 
step 64, the sWing pressure is determined as a function of the 
initial pres sure and a set of as signed adjustment pressures that 
are assigned to degrees of severity of a restrictive mechanical 
abnormality in a preferred range of about 2-6 cmH20. The 
degrees may have multiple levels and the assigned values 
increase the initial pressure by a ?xed amount for each level of 
increase in the degree of severity. 
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[0118] In the preferred embodiment, the methodology is as 
folloWs: 

[0119] Start With about 3 cmH20. 
[0120] For mild, moderate, or severe restrictive 

mechanical abnormality of lung or chest Wall (excluding 
neuromuscular or control abnormalities), increase in a 
range of about 2-6 cmH2O or by about 2, 4, or 6 cmH2O 
respectively. 

The resulting sWing is in a preferred range of about 3 to 9 

cmHZO. 
(5) Backup Rate. The backup respiratory rate can be set to 5 
breath/min beloW the patient’s expected respiratory rate. This 
does not need to be at all accurate. 

(6) Resistive unloading. Resistive unloading is preferably set 
to do about 50% to 80% of the patient’s expected resistive 
Work. As With prior settings, this preferred methodology for 
the resistive unloading may be performed manually or auto 
mated by the ventilator. To this end, the device may be pro 
grammed to accomplish the methodology by presenting ques 
tions on an output display to the subj ect/physician and prompt 
for input on an input device controlled by the microprocessor 
16. Based upon the input response the resistive unloading 
may be adjusted automatically by calculating and setting the 
appropriate value. 
[0121] FIG. 7 outlines general steps in the methodology. In 
a querying step 70, the physician/user is prompted to deter 
mine Whether the patient has normal airway resistance or 
suffers from obstructive or restrictive resistance. The prompt 
ing preferably assesses the degree of severity of the identi?ed 
disease. In a setting the resistance step 72, based upon the 
responses, assigned resistance values are used to set resistive 
unloading. The assigned values represent different degrees of 
severity of the diseases, for example, normal airWay resis 
tance (i.e., neuromuscular or control abnormalities), obstruc 
tive disease or restrictive disease. 

[0122] In the preferred embodiment of the invention, the 
methodology is as folloWs: 

[0123] if the patient has normal airWay resistance (e.g. 
neuromuscular or control abnormalities) start With a 
resistance of about 1 cmHZO/L/ sec. 

[0124] if the patient has mild moderate, or severe 
obstructive disease, set to a range of about 4-6 cmHZO/ 
L/sec. or about 4, 6, or 8 cmHZO/L/sec. respectively 

[0125] if the patient has mild, moderate or severe restric 
tive disease, set to a range of about 3-8 cmH2O/L/ sec. or 
about 3, 4, or 8 cmHZO/L/sec. respectively. This com 
pensates for the narroWed and distorted airWays at loW 
volumes. 

Thus, the preferred range of resistive unloading is in a range 
ofabout 1 to 8 cmHZO/L/sec. 
[0126] If the above setting of resistive unloading causes the 
patient to complain that the machine is “pushing them along”, 
or the pressure is oscillating during late expiration, reduce the 
resistive unloading. 
(7) Duty Cycle (T I/TTOT). This setting is not very crucial and 
a value of 0.4 Will suit most patients, because AutoVPAP 
quickly learns the patient’s duty cycle. HoWever, for patients 
With moderate or severe dynamic airWay compression requir 
ing very long expiratory times, a shorter duty cycle, say 0.3 or 
0.2 could be used. 
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(8) Other settings. The other settings should be left at their 
default values as follows: 

Wait Minimum 
Shape Maximum 
Servo Gain Maximum 

3. Summary of Initial Settings 

[0127] Remember that the object of all the above settings is 
to unload as much as possible of the patient’s aWake ventila 
tory Work Without making the patient uncomfortable due to 
excessive pressures. 

[0128] The subject may noW breathe on the device. 

4. Supplemental Oxygen 

[0129] If necessary, supplemental oxygen is added to the 
mask, at up to 4 L/min, in order to maintain aWake 
arterial haemoglobin oxygen saturation at or above 90%. 

5. Learning Period 

[0130] Once the subject is comfortable, and the mask has 
been checked for leaks, it is time to commence the “leaming” 
period, Which lasts 1 hour. During this period, the subject is 
encouraged to Watch television or read a book, is asked not to 
engage in conversation, to concentrate on the television rather 
than on breathing, and to avoid falling asleep. 
[013 1] To start the learning period, click on the FULL mode 
icon, Which is the right-most of the six mode icons at the top 
of the screen. 

[0132] The device records the subject’s spontaneous par 
tially assisted ventilation, for example, by determining 
minute volume, over a 1 hour period, and at the end of the 
hour automatically sets the target ventilation to equal 90% of 
the median ventilation during the ?nal 40 minutes. The ?rst 
20 minutes are discarded to permit the patient time to settle 
and to become absorbed by the television program. The 
median is chosen, rather than the mean, in order to be rela 
tively immune to transients such as coughing or microsleeps. 
The one hour period serves the dual function of learning the 
patient’s spontaneous aWake ventilation, and of acclimatiZing 
the subject to therapy. 
[0133] The time into the hour is displayed at the bottom 
right of the screen. At the end of the hour, the device Will 
automatically drop out of the learning mode, andback into the 
AutoVPAP treatment mode. The patient Will not usually 
notice anything happen at this time. HoWever, the screen Will 
grey out for a period of ten seconds or so, and some of the 
sliders Will move to neW positions. 

[0134] Once the learning period is over, most of the sliders 
Will be in the positions that you set prior to entering the 
learning period, With the folloWing exceptions: 

[0135] Target ventilation Will have been set to 90% of the 
median ventilation during the last 40 minutes of the 
learning period. 

[0136] Backup rate Will have been set to the median 
respiratory rate during the learning period. 

[0137] Maximum sWing Will have been set to 22 minus 
the EEP, Which is as high as it Will go. 
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[0138] Additional details concerning a learning period are 
the subject of US. patent application Ser. No. 09/799,260 
?led on Mar. 5, 2001, the disclosure of Which is hereby 
incorporated by reference. 

6. Additional Adjustments 

[0139] At the end of the learning period, the above settings 
should be revieWed, to make sure that they are sensible. 
Optionally, further adjustments to the settings may be made. 
At present, the only suggested adjustment is to increase the 
target ventilation slightly in patients Who are struggling to 
maintain an adequate aWake PCO2. A ?owchart summarizing 
the steps in the methodology is depicted in FIG. 8. In a 
delivering step 80, ventilatory support is delivered to the 
patient during a learning period. In a measuring ventilation 
step 82 and measuring PCO2 step 84, patient ventilation 
related characteristics are measured. In a calculating step 86, 
a target is derived from the measured ventilation. Finally, in 
an adjusting step 88, the calculated target ventilation is 
adjusted by formulae Which makes use of the measured 
PCO2. The preferred embodiment of the adjustment method 
ology is as folloWs: 

[0140] For subjects With a daytime arterial PCO2 above 
about 50 mmHg, increase target by about 1% per mmHg 
(eg 10% at 60 mmHg). 

[0141] For subjects With a daytime arterial PCO2 beloW 
about 50 mmHg, decrease target by about 0.5% per 
mmHg (eg 85% at 40 mmHg). 

Of course, these adjustments may be made manually. Alter 
natively, the machine has programming instructions to auto 
mate the methodology after the learning period based upon 
measured or derived daytime arterial PCO2 values. For 
example, the device makes the automated measurements With 
the addition of apparatus to measure daytime arterial PCO2 
levels that provides data as input signals to the controller of 
the device. Alternatively, the device can prompt the user/ 
physician to enter the pertinent measurement data acquired 
by separate equipment. An automated apparatus for such 
measurements is disclosed in US. Pat. No. 5,630,413. Upon 
entry or recording of the data, the device calculates the modi 
?ed ventilation target as a function of the measured daytime 
arterial PCO2 and a threshold by either of the folloWing for 
mulae depending on the value of the measured PCO2: 

Vmnadjusted: Vmmwmef [1 -(( lH-PC02 l)*0-005)l 
(if PCO2<H) 

Where: 

[0142] PCO2 is the measure of daytime arterial partial pres 
sure of CO2 

[0143] H is a threshold value of preferably about 50 mmHg. 

7. Disconnecting and SWitching Off 

[0144] Once you have checked the ?nal settings, the bloWer 
is noW ready for long-term home therapy. 
[0145] The bloWer may be disconnected from the com 
puter, the computer sWitched off, and the bloWer sWitched off. 
This can be done in any order. The bloWer Will remember the 
settings. It is not necessary to disconnect if you do not Want to. 
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8. Optional Awake Con?rmation Period 

[0146] If there is any clinical cause for doubt, the subject 
could be permitted to continue for an additional hour at this 
neW “treatment mode” setting, and arterialiZed capillary 
blood PCO2 or arterial PCO2 taken, to con?rm that the subject 
is not being over-ventilated. While manual measurements 
may be taken, the device may be optionally equipped to self 
test the patient’s PCO2 level. For example, an automated 
device for measuring PCO2 as previously disclosed may be 
con?gured With the device to make a measurement during a 
testing mode folloWing the ?rst “treatment mode.” The mea 
surement may be compared by the processor With acceptable 
levels of PC02 stored in the device. Those skilled in the art 
Will understand the PC02 levels that Would indicate such over 
ventilation. In response, the device may optionally issue an 
alarm or prevent further treatment if the comparison of the 
PC02 level indicates over-ventilation. 
[0147] Although the invention has been described With ref 
erence to particular embodiments, it is to be understood that 
these embodiments are merely illustrative of an application of 
the principles of the invention. Numerous modi?cations, in 
addition to the illustrative embodiments of the invention dis 
cussed herein may be made and other arrangements may be 
devised Without departing from the spirit and scope of the 
invention. 

1. A method for determining a setting for a ventilator to 
deliver support to a patient to maintain a positive end expira 
tory pressure comprising the steps of: 

selecting an initial pressure value; 
prompting for responses to queries about a patient concem 

ing generaliZed ventilation characteristics; and 
calculating a positive end expiratory pressure from said 

initial pressure value and a set of adjustment pressure 
values based upon said responses to said queries, said 
adjustment pressure values representing general venti 
lation characteristics. 

2. An apparatus for determining a setting for a positive end 
expiratory pressure and then delivering pressure support to a 
patient in accordance With the setting comprising: 

a means for providing controlled pressuriZed air to a 
patient; 

an input means for accepting data signals; 
an output means for displaying queries; 
a controller operable to access data from said data signals 

and generate output through output signals to said output 
means, said controller With programmed instructions for 
executing a determination of a positive end expiratory 
pressure, said instructions controlling the steps of: 

prompting for responses to queries about patient ventila 
tion characteristics Wherein said ventilation characteris 
tics have assigned pressure values; and 

calculating a positive end expiratory pressure from an ini 
tial pressure value and said assigned pressure values 
based upon data from said data signal entered in 
response to said queries. 

3. A method for determining a setting for a ventilator to 
deliver support to maintain a pressure sWing in a speci?ed 
range chosen to do about half of a patient’s elastic Work 
comprising the steps of: 

selecting an initial pressure value; 
prompting for a response to a query about a patient con 

cerning degrees of severity of a restrictive mechanical 
abnormality of lung or chest Wall; and 
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calculating a pressure sWing from said initial pressure 
value and a set of adjustment pressure values based upon 
said response to said query, 

Wherein said set of adjustment pressure values represent 
degrees of severity of a restrictive mechanical abnormal 
ity of lung or chest Wall. 

4. An apparatus for determining a pressure sWing setting 
for a ventilator and to deliver support at the setting to maintain 
a speci?ed range chosen to do about half of a patient’s elastic 
Work comprising: 

a means for providing controlled pressuriZed air to a 
patient; 

an input means for accepting data signals; 
an output means for displaying queries; 
a controller operable to access data from said data signals 

and generate output through output signals to said output 
means, said controller With programmed instructions for 
executing a determination of a pressure sWing, said 
instructions controlling the steps of: 

prompting for responses to queries about degrees of sever 
ity of a restrictive mechanical abnormality of lung or 
chest Wall Wherein said degrees of severity have 
assigned adjustment pressure values; and 

calculating a pres sure sWing from a base pressure value and 
said assigned adjustment pressure values based upon 
data from said data signal entered in response to said 
queries. 

5. A method for determining a resistive unloading setting 
for a ventilator to deliver support to unload about 50% to 80% 
of a subj ect’s resistive Work comprising the steps of: 

prompting for a response to at least one query to determine 
the subject’s degree of severity of restrictive disease and 
obstructive disease; and 

setting a resistive unloading value to one of a set of 
assigned pressure values based upon said response to 
said at least one query, 

Wherein said set of assigned pressure values represents 
degrees of severity of restrictive disease and obstructive 
disease. 

6. An apparatus for determining a resistive unloading set 
ting for a ventilator to deliver support to unload about 50% to 
80% of a subjects resistive Work and for delivering support at 
the setting comprising: 

a means for providing controlled pressuriZed air to a 
patient; 

an input means for accepting data signals; 
an output means for displaying queries; 
a controller operable to access data from said data signals 

and generate output through output signals to said output 
means, said controller With programmed instructions for 
executing a determination of a resistive unloading value, 
said instructions controlling the steps of: 

prompting for a response to at least one query about 
degrees of severity of restrictive disease and obstructive 
disease Wherein said degrees of severity have assigned 
pressure values; and 

setting a resistive unloading value to one of said assigned 
pressure values based upon said response to said at least 
one query. 

7. (canceled) 
8. (canceled) 


